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ackground & Aims: The incidence of intrahepatic
holangiocarcinoma has been recently increasing in
he United States. In this case-control study, we used
he Surveillance, Epidemiology, and End Results–
edicare database to evaluate the prevalence of
nown risk factors for intrahepatic cholangiocarci-
oma and explore other potential risk factors.
ethods: We identified all patients with intrahepatic

holangiocarcinoma aged 65 years and older diag-
osed between 1993 and 1999 in the population-
ased Surveillance, Epidemiology, and End Results
egistries (14% of the US population). Controls were
andomly chosen from individuals without any cancer
iagnosis in the underlying population of the Surveil-

ance, Epidemiology, and End Results regions. We
btained information on risk factors from Medicare
laims (parts A and B) for all cases and controls with
t least 2 years of continuous Medicare enrollment.
nadjusted and adjusted odds ratios were calculated

n logistic regression analysis. Results: A total of 625
ases and 90,834 controls satisfied the inclusion and
xclusion criteria. Cases were older than controls
78.7 vs. 76.5 years; P � .02) and were more likely to
e male (48.3% vs. 36.8%; P < .0001). The racial
omposition was similar between cases and controls.
everal risk factors were significantly more prevalent
mong cases. These included nonspecific cirrhosis
adjusted odds ratio, 27.2; P < .0001), alcoholic liver
isease (adjusted odds ratio, 7.4; P < .0001), hepa-
itis C virus infection (adjusted odds ratio, 6.1; P <
0001), human immunodeficiency virus infection (ad-
usted odds ratio, 5.9; P � .003), diabetes (adjusted
dds ratio, 2.0; P < .0001), and inflammatory bowel
iseases (adjusted odds ratio, 2.3; P � .002).
onclusions: This population-based study shows that

n addition to previously well described risk factors,
everal others could be associated with intrahepatic
holangiocarcinoma. These include hepatitis C virus,
uman immunodeficiency virus, liver cirrhosis, and

iabetes.
n the United States, an estimated 17,550 primary liver
cancers will be diagnosed in 2005.1 Data from the
ational Cancer Institute’s Surveillance, Epidemiology,

nd End Results program (SEER) indicate that approx-
mately 15% of these will be intrahepatic cholangiocar-
inomas (ICC), the second most common primary liver
umor (after hepatocellular carcinoma). Studies using the
EER data have shown a marked increase in the inci-
ence of ICC in the United States.2,3 Most of this increase
ccurred after 1985, and it seems to be a true increase
ather than an artifact of better detection or reclassifica-
ion.3 The reasons behind this increasing incidence are
ot clear, however, because the epidemiology of ICC is
oorly understood in low-risk areas such as the United
tates. In these areas, ICC is known to be associated with
isorders of the biliary tract, especially primary scleros-
ng cholangitis, and with inflammatory bowel diseases.4

hether the incidence of these conditions has changed is
nclear. ICC among primary sclerosing cholangitis pa-
ients is most commonly diagnosed at a relatively young
ge (47 years in one study5), but the recent increase was
oted to affect mostly older people.3

Hepatitis B virus (HBV) and hepatitis C virus (HCV)
nfections, as well as liver cirrhosis, regardless of etiol-
gy, have been examined as potential risk factors for ICC
n countries other than the United States.6–9 Given the
igh prevalence of HCV infection acquired during the
960s and 1970s, it is conceivable that the increase in
CC incidence might be related to HCV infection.10 In
ddition, several studies have suggested that diabetes

Abbreviations used in this paper: HIV, human immunodeficiency
irus; HMO, health maintenance organization; ICC, intrahepatic chol-
ngiocarcinoma; ICD, International Classification of Diseases; OR,
dds ratio; SEER, Surveillance, Epidemiology, and End Results.
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March 2005 RISK FACTORS OF ICC 621
ellitus also increases the risk of primary liver cancer:
oth hepatocellular carcinoma and ICC.11,12 No studies
onducted in the United States, however, have evaluated
he role of HCV, HBV, diabetes, or chronic liver diseases
ith ICC. We therefore conducted this study to examine

hese potential associations and to explore other possible
isk factors.

Materials and Methods

Data Source

Data used for this study were obtained from the
EER–Medicare database, which is the linkage of SEER reg-
stry information with Medicare claims data. The SEER pro-
ram is an ongoing contract-supported program of the Na-
ional Cancer Institute to collect population-based cancer
ncidence and survival data. The SEER program has included,
ince 1992, population-based cancer registries in 5 states and
metropolitan areas that represent approximately 14% of the
S population.13 These registries include the states of Con-
ecticut, Hawaii, Iowa, New Mexico, and Utah and 6 metro-
olitan areas: Los Angeles, San Francisco/Oakland, San Jose,
etroit, Seattle, and Atlanta. For each case identified, the

EER program collects demographic features, as well as infor-
ation on the date of cancer diagnosis, cancer site, and his-

ology. The International Classification of Diseases (ICD) for
ncology version 2 is used by SEER to classify the primary

umor site and histological type for all cancers ascertained by
he program.14

Medicare claims data are collected for both Medicare part A
nd part B benefits. Medicare is the primary health insurer for
pproximately 97% of individuals aged 65 years and older in
he United States. Persons younger than 65 years of age can be
ligible for Medicare benefits because of disability or end-stage
enal disease. However, these patients are significantly differ-
nt from patients aged 65 years and older with regard to
emographic features and clinical characteristics. Approxi-
ately 95% of Medicare beneficiaries are covered by both part
and part B benefits.13 Medicare claims data for all part

–covered benefits include outpatient hospital services and
hysician office visits. These files contain dates of services, as
ell as both ICD 9th revision, clinical modification (ICD-9-
M) diagnosis codes and Current Procedural Terminology
ersion 4 codes for all billed claims.13

The linkage of SEER–Medicare data is a collaborative effort
y the National Cancer Institute, the SEER registries, and
enters for Medicare and Medicaid Services.13 This database
ontains Medicare part A and part B claims data for all patients
dentified by SEER registries between 1973 and 1999, al-
hough Medicare claims are available only beginning in 1991.
o link patients identified by the SEER registries to informa-

ion contained in the Medicare claims files, the SEER and
edicare Enrollment Databases are merged by using an algo-

ithm that matches on social security number, name, sex, and

ate of birth. Using this method to perform the linkage i
aptures approximately 93% of patients in the SEER database
ged 65 years and older. Additional details regarding this
inkage have been described previously.13

Study Population

Cases. All patients aged 65 years and older diagnosed
ith ICC in SEER registries who were also enrolled in Medi-

are between 1993 and 1999 were eligible for inclusion.
ligibility was limited to persons diagnosed no earlier than
993 and who had 2 years of Medicare data before the date of
iagnosis. Only patients with diagnostic confirmation of ICC
ICD for Oncology histology codes 8160, 8162, 8260, 8481,
500, and 8560) were included in our analysis. Diagnostic
onfirmation was defined as having positive histology, cytol-
gy, laboratory test/marker study, direct visualization, or pos-
tive radiology tests. Patients with clinical diagnoses only or an
nknown method of confirmation were excluded. In addition,
e excluded patients diagnosed with stomach, colon, lung,
ancreatic, breast, or rectal cancers within the 5 years before
he date of ICC diagnosis to further ensure the inclusion of
nly ICC, rather than metastatic liver cancers.

Controls. The controls included in the study were
erived from the 5% random sample of Medicare-enrolled
eneficiaries with no cancer of any type residing in the geo-
raphic regions of SEER registries. These are noncancer con-
rols that are linked to the SEER–Medicare data. The same
nclusion/exclusion criteria used in case selection were applied
o controls.

To include cases and controls with equal exposure to risk
actor information, we selected only patients with continuous
nrollment in Medicare parts A and B for at least the 2 years
efore and up to 1 year after ICC diagnosis or until death.
ases and controls were matched on the years of search for risk

actors to minimize the possibility of differing testing and
iagnosis trends. We excluded patients enrolled in a health
aintenance organization (HMO) during this time frame be-

ause Medicare HMO plans have historically not been required
o submit individual claims to Centers for Medicare and
edicaid Services for specific services received by patients

nrolled in Medicare.13 Patients whose ICC diagnoses were
eported exclusively by death certificates or at autopsy were
lso excluded.

We studied several potential risk factors for ICC belonging
o 4 broad categories: bile duct diseases, infectious etiologies,
hronic noninfectious liver diseases, and 1 group of miscella-
eous potential risk factors. Bile duct diseases included liver
ukes (ICD-9 codes 121.1, 121.0, 121.3), nonsuppurative
holangitis (ICD-9 code 571.6), cholangitis (ICD-9 codes
75.8 and 576.1), choledocholithiasis (ICD-9 code 574.5),
holedochal cysts (ICD-9 code 751.69), cholestasis (ICD-9
ode 576.8), biliary cirrhosis (ICD-9 code 571.6), and anom-
lous bile duct (ICD-9 code 751.60). Primary sclerosing
holangitis does not have an ICD code separate from that of
holangitis (ICD-9 codes 575.8 and 576.1), so it could not be
xamined outside that grouping. The infectious diseases group

ncluded human immunodeficiency virus (HIV) infection



(
0
H
0
i
B
n
w
f
2
h
f
h
(
5
p
N
(
H
d
V
c
5
(

o
t
T
a
c
p

s
p
a
i
F
M
q
p
T
e
s

o
w
i
U
(

a
i

i
t
w

d
w
w
b
c
H
I
p
w
2
b
a
b

w
s
d
c

T

M
G

R

G

M

622 SHAIB ET AL GASTROENTEROLOGY Vol. 128, No. 3
ICD-9 codes 042–044), HBV infection (ICD-9 codes 070.22,
70.23, 070.32, 070.33, and V02.61), and HCV infection.
CV was defined by using ICD-9 codes for HCV (ICD-9 codes

70.41, 070.44, 070.51, 070.54, and V02.62) or for unspec-
fied hepatitis (ICD-9 codes 070.9, 571.4, 571.8, and 571.9).
efore 1992, no ICD-9 code was available to indicate a diag-
osis of HCV; thus, we assumed that all patients with HCV
ere classified as having unspecified hepatitis. Chronic nonin-

ectious liver diseases included hemochromatosis (ICD-9 code
75.0), alcoholic liver disease, and nonspecific cirrhosis. Alco-
olic liver disease was defined by the presence of ICD-9 codes
or alcoholic fatty liver disease (ICD-9 code 571.0), alcoholic
epatitis (ICD-9 code 571.1), alcoholic cirrhosis of the liver
ICD-9 code 571.2), alcoholic liver damage (ICD-9 code
71.3), and cirrhosis (ICD-9 codes 571.5 and 571.6) in the
resence of alcoholism (ICD-9 codes 291, 303, and 305.0).
onspecific cirrhosis was defined by the presence of cirrhosis

ICD-9 codes 571.5 and 571.6) without the presence of HCV,
BV, or alcoholic liver disease. Finally, we examined type 2

iabetes mellitus (ICD-9 code 250), smoking (ICD-9 code
15.82), and inflammatory bowel diseases (IBD). IBD in-

luded ulcerative colitis (ICD-9 codes 556, 556.9, 556.1,
56.2, 556.3, 556.5, 556.6, and 557.0) and Crohn’s disease
ICD-9 code 555).

Risk factors were identified on the basis of Medicare part A
r B claims for the 3 years preceding and 2 years succeeding
he index date (or until death), with the exception of diabetes.
o minimize detection bias that might be introduced second-
ry to excessive workup and diagnosis of patients with liver
ancer, we excluded all risk factor diagnoses made in the 1 year
receding cancer diagnosis.

Other Collected Information

Covariates included age, race, geographic region, and
tate buy-in status. Race was classified as white, black, His-
anic, Asian, and other. Geographic region was categorized
ccording to the 11 SEER registries (Utah, Atlanta, Connect-
cut, Detroit, Hawaii, Iowa, Los Angeles, New Mexico, San
rancisco, San Jose, and Seattle). The state buy-in variable in
edicare indicates whether a third-party payer, most fre-

uently Medicaid or a Medicaid-based Medicare supplemental
rogram, was paying for a beneficiary’s Medicare premiums.
hese individuals were considered Medicare/Medicaid dually
nrolled, and this served as a proxy for poor socioeconomic
tatus.

Statistical Analysis

We compared the demographic features and prevalence
f risk factors associated with ICC between patients diagnosed
ith ICC and controls. Chi-square tests were used for categor-

cal variables, and t tests were used for continuous variables.
nadjusted odds ratios (ORs) and 95% confidence intervals

CIs), as well as P values, were calculated for each risk factor.
Logistic regression analysis was used to examine the associ-

tion between each ICC diagnosis and each risk factor, adjust-

ng for age, sex, race, geographic region, and Medicare/Med- c
caid dual enrollment. Wald �2 tests were used to determine
he significance of each variable. Adjusted ORs and 95% CIs
ere calculated for each parameter estimate.

Results

We initially identified 1224 patients with ICC
iagnostically confirmed between 1993 and 1999 and
ho were 65 years or older. Of these cases, 625 patients
ith ICC were included in the study cohort. The possi-
ility of missing risk factor information led to the ex-
lusion of 574 cases (250 were enrolled in a Medicare
MO plan during the 2 years before or after the date of

CC diagnosis, 313 were enrolled in Medicare part A and
art B for less than 2 years before the index date, and 11
ere reported solely by autopsy or death certificate), and
5 were excluded for the possibility of misdiagnosis
ecause of the presence of stomach, colon, lung, pancre-
tic, breast, or rectal cancer within the 5-year period
efore the date of ICC diagnosis.
The control group consisted of 90,834 individuals

ithout ICC or any other cancer that satisfied the inclu-
ion criteria listed previously. Table 1 summarizes the
emographic features and characteristics of cases and
ontrols. The mean age of cases was higher than that of

able 1. Comparison of Demographic Features Between
Patients With Intrahepatic Cholangiocarcinoma and
Controls Without any Cancer Identified Between
1993 and 1999 in SEER-Medicare

ICC cases
(N � 625)

Controls
(N � 90,834)

P
value

ean age (SD) 78.7 (6.4) 76.5 (6.9) .02
ender
Women 302 (48.3%) 33,400 (36.8%) �.0001
Men 323 (51.7%) 57,434 (63.2%)

ace
White 505 (80.8%) 74,583 (81.4%) .02
Black 32 (5.1%) 6547 (6.8%)
Hispanic 13 (2.1%) 2673 (2.8%)
Asian 37 (5.9%) 4918 (5.1%)
Other 38 (6.1%) 3835 (4.0%)

eographic location
Atlanta 35 (5.6%) 5572 (6.1%) .04
Utah 22 (3.5%) 4318 (4.8%)
Connecticut 88 (14.1%) 11,849 (13.0%)
Detroit 82 (13.1%) 13,557 (14.9%)
Hawaii 22 (3.5%) 2646 (2.9%)
Iowa 91 (14.6%) 11,829 (13.0%)
Los Angeles 107 (17.1%) 16,145 (17.8%)
New Mexico 16 (2.6%) 4681 (5.2%)
San Francisco 62 (9.9%) 7317 (8.1%)
San Jose 28 (4.5%) 4183 (4.6%)
Seattle 72 (11.5%) 8737 (9.6%)
edicare/medicaid

dual enrollment 116 (18.6%) 13,148 (14.5%) �.0001
ontrols (78.7 vs. 76.5 years; P � .02). There were also
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March 2005 RISK FACTORS OF ICC 623
ore men among ICC cases compared with controls
48.3% vs. 36.8%; P � .0001). The race distribution
howed a higher prevalence of Asians and people of other
thnic backgrounds in the ICC group (P � .02). Simi-
arly, Medicare/Medicaid dual enrollment was higher
mong ICC cases (18.6% vs. 14.5%; P � .0001). Al-
hough these differences in the demographic features
ere statistically significant, most of the differences are
f little clinical significance.

Risk Factors

Risk factors were classified into 4 main categories.
he distributions of risk factors in each of the categories
re summarized in Table 2.

1. Chronic liver diseases of noninfectious etiology:
nonspecific cirrhosis and alcoholic liver diseases
were more prevalent among ICC cases than among
controls (P � .0001; Table 2). Hemochromatosis
was the only risk factor that was not significantly
higher among cases (0.3% vs. 0.3%, P � .7).

2. Infectious etiologies: both HIV and HCV infection
were more prevalent among ICC cases than among
controls. The prevalence of HIV infection was
0.5% among ICC cases and 0.1% among controls
(P � .02). Among ICC cases, the prevalence of
HCV infection was 0.8% and increased to 5.6% if
persons with unspecified hepatitis were included.
This proportion was significantly higher than HCV
prevalence among controls (0.2%) and was 1.0%
when unspecified hepatitis was included (P �
.0001). The prevalence of HBV infection, however,
was similar in both cases and controls (0.2% and
0.2%).

able 2. Comparison of the Prevalence of Risk Factors Betw
Noncancer Controls

ICC cases (N

N

hronic noninfectious liver disease
Nonspecific cirrhosis 53
Alcoholic liver disease 14

nfectious
HCV-specific codes 5
HCV (including unspecified hepatitis) 35

ile duct disease
Cholangitis 12
Choledocolithiasis 7
Cholestasis 5

ther risk factors
Smoking 24
Diabetes 165
IBD 15
3. Bile duct diseases: compared with controls, ICC c
cases were more likely to have a diagnosis of
cholangitis (1.9% vs. 0.2%; P � .0001), cho-
ledocholithiasis (1.1% vs. 0.3%; P � .002), and
cholestasis (0.8% vs. 0.1%; P � .0001), but not
abnormal bile duct anatomy (0.2% vs. 0%, P �
.3).

4. Other risk factors: other risk factors studied in-
cluded IBD, smoking, and diabetes. Among ICC
cases, 3.8% were smokers, compared with 2.1% in
controls (P � .003). Likewise, the prevalence of
diabetes was higher among cases when compared
with controls (26.4% vs. 15.6%; P � .0001), as
was the prevalence of IBD (2.4% vs. 1.1%; P �
.002).

Logistic Regression Analysis

Using a logistic regression model that adjusted
or demographics (age, sex, and race), geographic loca-
ion, and Medicare/Medicaid dual enrollment status, we
alculated adjusted ORs for the different risk factors.
his analysis showed that, after adjustment, all the risk

actors that were significant in the univariate analyses
emained statistically significant in the multivariate
nalysis (Table 3). ICC cases were more likely to have
vidence of chronic liver disease when compared with
ontrols. For example, the presence of nonspecific cirrho-
is was strongly associated with ICC (adjusted OR, 27.2;
5% CI, 19.9–37.1). Similarly, HCV and HIV infec-
ions, but not HBV infection, were strongly associated
ith ICC (Table 3). ICC cases were almost 6 times more

ikely to have HCV infection than controls (OR, 6.1;
5% CI, 4.3–8.6). Even if only patients with specific
CV infection codes were included (ie, if those with

ntrahepatic Cholangiocarcinoma (ICC) Cases and

5) Controls (N � 90,834)

P value% N %

8.5 325 0.4 �.0001
2.2 282 0.3 �.0001

0.8 161 0.2 .006
5.6 940 1.0 �.0001

3.4 279 0.2 �.0001
1.1 351 0.3 .002
0.8 161 0.1 �.0001

3.8 1927 2.1 .003
6.4 14,201 15.6 �.0001
2.4 997 1.1 .002
een I

� 62

2

odes of unspecified hepatitis were excluded), the associ-
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624 SHAIB ET AL GASTROENTEROLOGY Vol. 128, No. 3
tion with ICC remained strong (OR, 5.2; 95% CI,
.1–12.8).
The logistic regression analysis also confirmed the

trong association between bile duct diseases and ICC.
holangitis, choledocholithiasis, and cholestasis, but not
bnormal bile anatomy, were all strongly associated with
CC. For example, subjects with ICC were almost 7 times
ore likely to have cholestasis for at least 2 months

efore cancer diagnosis than were controls (adjusted OR,
.7; 95% CI, 0.4–21.6). Similarly, ICC was strongly
ssociated with smoking, diabetes, and IBD in the mul-
ivariate model (Table 3). Separating IBD into ulcerative
olitis and Crohn’s disease showed that the association
ith ICC was significant for ulcerative colitis (OR, 2.2;
5% CI, 1.2–3.9) but not for Crohn’s disease (OR, 2.0;
5% CI, 0.6–6.3). ICC cases were twice as likely to have
iabetes diagnosed at least 1 year before cancer diagnosis
hen compared with controls (adjusted OR, 2.0; 95%
I, 1.6–2.4).
We also constructed several models that examined the

ssociation between ICC and HCV and adjusted for 1
dditional diagnosis at a time (namely, nonspecific cir-
hosis, HCV, HIV, and diabetes). There was no signifi-
ant change in the direction or the magnitude of the
bserved association between HCV and ICC in any of

able 3. Multiple Logistic Regression Analysis Examining
the Association Between Each Risk Factor and
Intrahepatic Cholangiocarcinoma While Adjusting
for Age, Gender, Race, Geographic Location, and
Medicare/Medicaid Dual Enrollment

Adjusted
odds
ratio

95%
Confidence
intervals P value

hronic noninfectious liver
disease

Nonspecific cirrhosis 27.2 19.9–37.1 �.0001
Alcoholic liver disease 7.4 4.3–12.8 �.0001
Hemochromatosis 1.1 0.3–4.3 .9

nfectious
HBV 0.8 0.1–5.9 .8
HIV 5.9 1.8–18.8 .003
HCV-specific codes 5.2 2.1–12.8 �.0001
HCV (including unspecified

hepatitis)
6.1 4.3–8.6 �.0001

ile duct disease
Cholangitis 8.8 4.9–16.0 �.0001
Choledocolethiasis 4.0 1.9–8.5 .0004
Cholestasis 6.7 2.7–21.6 �.0001
Abnormal bile duct

anatomy
3.0 0.4–21.6 .3

ther risk factors
Smoking 1.8 1.2–2.70 .007
Diabetes 2.0 1.6–2.4 �.0001
IBD 2.3 1.4–3.8 .002
hese models. w
Considering that diagnostic confirmation might be
ow among cases diagnosed by marker or radiology study
lone, we repeated the analysis and included only cases
ith very strong diagnostic confirmation (ie, positive
istology or cytology). Sixty-four percent (399 cases) had
issue confirmation. The repeat analysis showed that all
f the previously described associations persisted (data
ot shown).
A comparison of ICC cases that had known risk factors

ith those that had no known risk factor found that the sex
nd race distributions were similar in both groups. How-
ver, the mean age of cases with no known risk factor was
ignificantly higher than the mean age of subjects with
efined risk factors (79.6 vs. 78.1 years; P � .003). Iowa,
ew Mexico, Hawaii, and San Jose tended to have more

ubjects with idiopathic disease than Connecticut, Detroit,
nd Los Angeles. Cases with known risk factors were also
ore likely to have Medicare/Medicaid dual enrollment
hen compared with cases that had no known risk factor

21.5% vs. 14.0; P � .02).

Discussion

This is the largest US population–based case-
ontrol study to examine risk factors for ICC. The find-
ngs suggest that HCV infection, but not HBV infection,
s a potentially strong risk factor for ICC. In addition, the
resence of chronic and advanced liver disease of any
tiology, HIV infection, diabetes, and smoking were
ignificant risk factors for ICC.

An important indicator of the external validity of our
tudy is that it confirms the association between ICC and
reviously described risk factors, including cholangitis
nd choledocholithiasis. Similarly, a history of IBD—
pecifically, ulcerative colitis disease—was also strongly
ssociated with ICC.

Chronic liver diseases due to nonviral etiology, espe-
ially in the presence of cirrhosis, are strongly associated
ith ICC. ICC cases had a higher prevalence of alcoholic

iver disease, nonalcoholic cirrhosis, and complications of
iver disease. These findings suggest that chronic and
nd-stage liver diseases are important risk factors for
CC; this is similar to what is noted in hepatocellular
arcinoma. Those findings are similar to findings in
tudies from other countries.6–9 For example, a Danish
ohort study that examined 11,605 persons with cirrho-
is for an average follow-up of approximately 6 years
ound a significant 10-fold increased risk for ICC among
atients with cirrhosis of any cause when compared with
he general population.9

HCV, but not HBV, infection was strongly associated

ith ICC risk. At least 3 studies have previously shown
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March 2005 RISK FACTORS OF ICC 625
positive association between ICC and at least 1 type of
iral hepatitis.6–8 The first was a case-control study from
orea that compared 41 cases of ICC with 406 controls

nd found that 13.8% and 12.5% of cases and 3.5% and
.3% of controls were HCV and HBV positive, respec-
ively.8 The second study was a prospective cohort study
rom Japan that showed a relatively high incidence of
CC among patients with HCV-related cirrhosis.7 In that
tudy, the investigators reported that 14 of 600 (2.3%)
atients with HCV-related cirrhosis developed ICC dur-
ng an average follow-up of 7.2 years. Similarly, a third
tudy, which was an Italian case-control study (21 cases
nd 686 controls), found a positive association between
CV and HBV infections and ICC.6 According to this

tudy, the prevalence of HCV and HBV in cases was
3.1% and 11.5%, respectively, as compared with 6.1%
nd 5.5% in controls. In summary, increasing evidence
mplicates viral hepatitis—especially HCV—as a risk
actor for ICC. In our cohort, it is possible that the
umber of HBV cases was too small to detect any dif-
erences between cases and controls. HCV might play a
irect role in the pathogenesis of ICC. One study has
etected HCV RNA in cholangiocarcinoma tissue, a
nding that supports the potential role of HCV infection
n the pathogenesis of ICC.15 In addition, HCV has been
hown to cause bile duct epithelial cell injury, which can
ead to a range of proliferative, inflammatory, and de-
enerative changes.16

In addition to the association with HCV, our study
ound an association between ICC and HIV infection.
IV is known to be associated with cholangitis either

irectly (acquired immunodeficiency syndrome cholan-
iopathy) or via other opportunistic infections (eg, cyto-
egalovirus).17,18 It is possible that HIV-related cholan-

itis leads to changes similar to those induced by other
nflammatory conditions of the bile duct that eventually
esult in cancer. It is also possible, of course, that HIV
nly seems to be associated with ICC because HIV
nfection tends to co-occur with HCV infections. Further
tudy of HIV, HCV, and ICC will be required to eluci-
ate the relationship of the viruses to ICC.
In addition to the previously mentioned risk factors,

moking and diabetes were more prevalent among ICC
ases as compared with controls in our cohort. Smoking
s a known risk factor for a number of malignancies, and
t has been suggested to be a risk factor for ICC among
clerosing cholangitis patients19 but has not been previ-
usly reported as an independent risk factor for ICC. The
revalence of smoking in our cohort was lower than
xpected and was likely undermeasured, because the
moking status of all participants was not systematically

erified. Similarly, this is the first study to report an t
ssociation between diabetes and ICC. A previous cohort
tudy reported an association between diabetes and pri-
ary liver cancer in Denmark.11 Although cholangiocar-

inomas were included among the primary liver cancers
eported, it was not clear whether ICC, by itself, was
ignificantly associated with diabetes. It has to be kept in
ind, however, that diabetes could be a complication of

hronic liver disease. Diabetes is clearly more easily
iagnosed than liver diseases and might be a surrogate
or these diseases. To minimize the effect of this associ-
tion, we included only diabetes diagnoses that were
ade at least 1 year before cancer diagnosis. Even with

his exclusion, the association remained strong. Whether
iabetes itself or other associated conditions, such as
besity or hyperlipidemia, are the true risk factors for
CC is not clear, and this study is not suitable to examine
his hypothesis.

In addition to identifying new risk factors and con-
rming established ones, our study suggests that a sub-
tantial proportion of ICC cases (38.9%) have no iden-
ifiable risk factors. The significant differences in
eographic location between subjects with known risk
actors and those with no identifiable risk factors might
eflect regional differences in the workup of ICC patients.
he high percentage of subjects with unidentified risk

actors underscores the need for more studies that explore
nd identify those risk factors.

Although our study was large and encompassed indi-
iduals of all ethnicities, it had several potential limita-
ions. First, we used health-care claims as the source for
isk factor information, and the accuracy and complete-
ess of the information is not known. However, we took
everal steps to increase the possibility of complete cap-
ure of risk factor information. We restricted the study
ohort to individuals with at least 2 years of continuous
edicare part A and part B enrollment and no enroll-
ent in an HMO plan. In these patients, Medicare files

apture 100% of claims for tests, procedures, outpatient
isits, and hospitalization for these individuals.13 In ad-
ition, we included only diagnoses that were made at
east 1 year before cancer diagnosis, hence minimizing
iagnosis bias that might be associated with extensive
orkup of cancer cases.
Another potential limitation is the generalizability of

he results obtained among patients aged 65 years and
lder to the entire US population. It should be noted,
owever, that 71% of ICC in the United States is diag-
osed among persons in this age group, so the Medicare
opulation represents the high-risk group.18 Finally,
here is the possibility of diagnostic bias in which cases
ith cancer are more likely than controls to undergo
esting and thus have more diagnoses in general than
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ontrols. In the case of a biliary tumor such as ICC,
ndividuals would be more likely to be tested for hepa-
itis viruses than would other individuals. As a conse-
uence, our findings concerning HCV should be inter-
reted cautiously. To minimize the effect of diagnosis
ias, we applied strict criteria in selecting diagnoses to
e included in our analysis (excluding all diagnoses made
n the year preceding cancer diagnosis). This, however,
oes not completely eliminate the possibility of residual
iagnosis bias. In addition, the small numbers of certain
iagnoses (for example HIV, HBV, and hemochromato-
is) among cases makes it difficult to make any strong
onclusions regarding the described associations.

Important strengths of this study are related to its data
ource, as well as case and control definitions. The SEER–
edicare database is population based, and the registries

re selected to represent the entire US population; there-
ore, our overall findings are probably generalizable to
he entire US population aged 65 years and older.13 The
EER program maintains at least a 98% completeness
ate for case ascertainment.13 An additional strength is
he availability of a large number of controls that were
btained from a randomly chosen sample of individuals
ithout cancer who resided in the same area covered by

he SEER registries during the time in which ICC cases
ere diagnosed. Finally, all cases of ICC included in this

nalysis were confirmed by pathology, radiology, labora-
ory testing, or a combination of these.

In conclusion, our results suggest several new risk
actors for ICC in the United States. These include
epatitis C, chronic liver disease of any etiology, HIV
nfection, diabetes, and smoking. Future studies are
eeded to further explore the role of these risk factors.
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